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THERMALLY MODULATED ANTIOXIDANTS 
FIELD OF THE INVENTION 

The present invention relates generally to compounds that function as antioxidants. In 
5 particular, the present invention pertains to mediods for the modulation of antioxidant 
levels in selected systems. 



• BACKGROUND TO THE INVENTION 

1 0 AAtioxidants, or more specifically* chain breaking antioxidants are able to stop» delay or 
slow down the oxidative degradation of materials. In general, fte stnicture of 
antioxidants is such that it confers on these molecules two key properties: (a) they are 
generally good hydrogen donors, and (b) the radical produced following hydrogen 
transfer is umeactive toward oxygen, Oius being able to stop the chain reaction 

1 5 remissible for autooxidations. In the case of some antioxidants the radical (b) is capable 
of scavenging a second chain caxn»^i thus leading to a 2-1 stoichiometiy; such is the case 
for phenolic antioxidants. 

Requiremoit (b), i.e. lack of reactivity toward oxygen has residied in many antioxidants 
20 containing 0-H bonds« since die resulting oxygen centered radicals are frequently 
unreactive towards molccuJar oxygen. 

In the last few years a few antioxidants have been proposed that do not contain labile O- 
H bonds, such as Irganox HP-) 36^ commercialized by Ciba Speciality Chemicals. 
25 Related antioxidants can be reviewed, for example, in United States Patents 5^61 fiOi 
issued Novembo^ 22, 1994, and United States Patent 5,428,177, issued June 27, 1995, 
which are incorporated herein by referoice. 



1 
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25 



Theimo-oxidative degradation can simplisticaDy be described as a two-eyde process. 
Two different types of reaction woik together to creaie organic radicals by hydrogen 
abstraction, and to activate molecoJar oxygen by reaction vdth the oigwic radicals, 
5 lesutting in foimation of peroxyl radicals, which in turn act as hydrogen abstraction 

active ^lecics to produce peroxides and organic radicals. Peroxides themsdves sexvc as a 
source of hydrogen abstraction radicals by homolytic cleavage of the peroxo O-O bond 
Different classes of antioxidants exist, which are characterized as primaty antioxidants, 
secondary antioxidants, and caibon-centerod radical scavengers. Primary antioxidants 
1 0 mainly act as chain-breaking antioxidants, reacting rapidly with peroxyl radicals. . 

Secondary antioxidants react with pmxo compounds to yield non-radical, non-reactive 
products. Carbon-centered radical scavoigeis are very eiFective in trapping aUcyl radicals, 
and provide powerful processing stability. Typical examples are cartxMi-oe&tered radicals 
fiiom ben2ofiiranone derivatives. 



1 5 When .using antioxidants whose action is mediated by carbon-centered radicals, suitable 
precursors are typically employed, which after activation yield the carbon-centered 
radical. Often, such precursors are designed such that the radical is fonned in a process of 
hydrogen abstraction, Thi$ fbllows a hydrogen transfer process: 

20 There is a continumg need to develop novel antioxidant compounds and medM>ds that 
enable rapid availability of antioxidant species. In particular, there is a need to develop 
compounds and methods tliat allow for modulation of antioxidant levels in a chosen 
system. 



SUMMARY OF THE INVENTION 

It 15 an object of the present invention* at least in prefened emtxxliments, to provide 
coinpound that can be *^aotivated" to exhibit antioxidant activities. 
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It is another object of the present invention, at least in preferred embodimcots, to provide 
a mrthod for selective modulation of antiowdant levels in a reaction mixture or other 
system. 

5 It is another object of the present invention, at least in preferred embodiments, to provide 
precursors of carbon-centered radicals that are •self-activating' in response to a change in 
temperature. 

■ 

it is anoiher object of the present invention, at least in preferred embodiments, to provide 
} 0 precursors of carbon-centered radicals that are self-acdvating within a predetermined 
range of temperature values. 

It is another object of thepresait invention, at least in preferred embodiments, lo provide 
precursors of carbon-centered radicals in which the self-activating process is reversible. 

15 

The invontois have established thai tlie mode of operation for specific types of 
antioxidants, involves ihe formation of carbon-centered radicals that do not react with 
oxygen. The inventors have further determined that dus mode of operation is most 
unusual since the vast majority of carbon-centered radicals react with oxygen at rates that 
20 appimch difiusion control* Following up on this observation, the inventors have 
discovered a wide range of compounds that have the wusuai property of producing 
carbon centered radicals that either do not react with oxygen, or where the reactivity is 
greatly attenuated. 

« 

25 The inventors* observations have led to the identification of an entirely new class of 
antioxidant compounds and systems that can be manipulated according to the ambient 
temperature conditions. Importantly, these systems present unique opportxmities to 
provide reaction systems in whidi antioxidani levels are modulated by simple 
temperature shifks. Such syscems may include, but are not limited to, plastics, lubricants^ 

30 cooling fluids, and j^armaceutical / medical applications. 



3 
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In accojtbnce wife one particular aspect of Ac instant invcntioii. there is pmvided a 



method a 



pioviding oxidalion pioiecdon comprising: providing a composition to be 
pfotecied against oxidation during a higH temperature portion of a thcnnal cyd^ adding 
5 an amount of a theimally activaiable domiant antioxidant species to the composition; 
thermally cycling the composition between a low temperature portion of the thevmal 
cycle and the high temperature portion of the thermal cyde, to reversibly dissociate the 
thermaUy activatable dormant antioxidant species mto a caibon-centercd radical active 
antioxidant species, so as to provide an increased amount of the carbon-centered radical 
10 active antioxidant spedes during the high temperature portion of the thermal cyde 
relative to the low temperature portion of the thermal cycle. 

In accordance wift another aspect of the instant invention, there is provided a method for 
modtdating oxidation proiection comprising: providing a composition to.bc protected 
against oxidation at a first temperature and to other than substantially be protected at a 

15 second temperature lower than the first temperature; selecdng a thcrmelly activatable 
dormant antioxidant spedes for providing an active antioxidant spedes at the first 
temperanire, the thermally activatable dormant antioxidant spedes thermally activatable 
at a temperature between the first and second temperatures; including the thermally 
activatable dormani antioxidant spedes in the composition; effecting a diange to the 

20 lemperarore of the composition fiom the second temperature to the first temperature, to 
induce some of die thermally activatable dormant antioxidant sptdies into the active 
amioxidam spedes; and, optionally effecting a change to the i^perature of the 
composition from the first temperature to the second temperature, to induce some of the 
active antioxidant ^cies back into the thermally activatable dormant antioxidant 

25 species. 

In accordance with yet anodier embodiment of the instant invention there is provided a 
chemical produa including a compound selected from those of formula 1, 
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vvhensin R1 to R9 are the same or diiTerent, each representing hydrogen or a substiluent 
selecied from the following non-limiting group: linear C| -Cis alkyl, branched C| -Cis 
5 alkyl, linear C2-C18 alkenyl, branched C2-C18 alkenyl, linear C2-C18 alkynyl, bran6hed C2- 
C18 allQmyl, Cs -Cs cycloalkyl optionally substituted with one or more CpCis alkyl, and 
Q "Cso aryl optionally substituted with one or more Ci-Cis alkyl; 
or of formula IJ, 




11 



wherein R} represents an electron withdrawing group, most preferably nitrile, and R2 to 
R II are the same or diiTeient, each represeming hydrogen or a subsiiment selected from 
the follo^ng non-limiting group: linear C| *Cib alky), branched Ci -Cib aikyl» linear C2- 

5 
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CiB alkenyl, branched C2-C18 alkenyl, linear Qi-Cia alkynyl» branched Cz-Cig aDcyayi, Q 
-Cb cycloaBcyJ optionally substituted with one or more Ci-Cig alkyi, and C6 -Q«) aryl 
optionally substituted widi one or more CrCis alkyl; 
or of fonnuJa 111, ^-i^ 



5 




Wherein R3 to R 1 S are the same or different, each representmg hydrogen or a subsiituent 
10 selected from the foiloiwing non-limiting group: linear C| -Cib alkyl, branched C| -Cis 
aMcyl, linear Cs-Cia alkmyl, branched CrCig alkenyl, linear Q-Cig alkynyl. branched C2 
C|» alkynyl. Cs -Ca cycloaUcy] optionally substinited with one or more Ci-Cie alkyI, and 
C6 *C2o aiyl optionally substituted with one or more Ci-Cis alkyI; 

15 or 8 confound of fonnula IV, 



6 
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wbeiein RJ and R3 to RIO aie the same or different, each represeming hydrogen or a 
substiiuent selected from the following non-limiting group: linear C|-C|8 aikyl, branched 
10 Ci-CrB aJkyl, linear Cz-Cie alkenyl, branched Cj-Ci^ alkenyU Imear C2-C1S alkynyl, 
branched CrCig alkynyU Cs-Cb cycloalkyi opiionally substituted with one or more CrCis 
alky), and C6-C20 aryl opdonally substituted with one or more CrCig alkyl; 

the chemical dissociating into two constituent pans through breakage of a CI -Cr labite 
bond upon heating thereof, each pan exhibhing antioxidant activity reflecting their ability 
) 5 to capture iree radicals, the two constituent parts preferably reassoeiating to reform the 
compound upon cooling thereof. 

In accordance with still another aspect of the instant invention, there is provided an 
improvemem in a periodically thermally cycling system, the system including a 
20 composition that is sutpjcct to substantially more oxidative degradation during a high 
temperature ponion of the thermal cycle than dunng a low temperature portion of the 
thennal cycle, the improvement comprising: a chemical component fbnning a part of the 
composition, for reversibly dissociating in response to temperature changes of the 
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composition upon repeated dierma] cycling between the low temperatme poition of the 
thennal cycle and the high temperature poition of the thermal cyde, so as to provide an 
amount of an active antioxidant species doling the high temperatore portion of the 
thennal cycle that is substantially larger than an amount of tiie active antioxidant species 
during the low tempemture portion of the thermal cycle. 



10 



15 



20 



In accordance with anodier aspect of the present invention (here is provided an 
antioxidant precursor compound of the formula: 

A-B 

wherein A and B are the same or differenti each of A and B comprise a monocyclic or 
muldcyclic aromatic and / or heterocyclic ring system; optionally substituted at one or 
more positions; 

and wherein A and B are connected via a labile bond, and are suscqitible to 
disassociaUon du'ough breakage of the labile bond upon exposure of said compound to a 
predetennined temperature shift from a lower temperature to a higher temperature, 
thereby to generate conresponding free radicals A and B suitable for use as antioxidants. 
Frefmbly A and B are identical. Most preferably, each of A and B are independently 
sdected from the group consisting of the following structures, which may be substituted 
or unsubstituted: 



25 






8 
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Wherein each aromatic or heterocycUc lins may be unsiibstituled or smtetituied with one 
or more identical or different substituents. 

5 Preferably the compound has a fbnnula selected from a compound of fomiula 1, H, HI, 
and IV as described herein. 

Preferably, the compounds A-B exchide the compound of fimnula (11) disclosed in 
United States Patent 5^367,008 or the compound of formula (10) disclosed in United 
10 States Patent 5.428,1 77 or the dimeric fomi of Irganox HP-136 (Ciba SpedaKty 
Products) or related dimeric products, 

in another aspect of the p«?sent invention there is provided the use of the compound A-B 
as described herein as a selectively activatable antioxidant 

15 

In anoflier aspect of the present invention there is provided an antioxidant composition 
selectively transferable between: 

(a) a low temperature non-active stale wherein the composition comprises a 
20 dimeric compound A-B substantially devoid of antioxidant propmies; and 

(b) a high temperaiui« active state wherein the composition comprises monomeric 
free radicals A and B, at least one of which exhibits antioxidant properties 

25 More prefeiably die compound A-B is the compound of Fonnula 1, 11, 111, IV, lA, IB, 
II A, or IllA, as described herein. 

In another aspect of Ihc presejit invention there is provided a method for selectively 
modolatinga concentration of antioxidant molecules m a reacdon mixture or target 
30 environment, the method comprising the steps of: 
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(a) providing a composition comprising ihe compound A-B as described herein; 

(b) adding the composition to the reaction mixture or target environment; 

(c) adjusting the temperamre of the reaction mixnire or target en^ionment so as 
to modulate the concentration of antioxidant molecules in accordance with the degree of 

S association or disassoctation of A and B. 

2n a preferred aspect of the present invention there is provided a compound of formula 
lA, IB» UA or UlA as described herein. 

10 . 



BRIEF DESCRff TION OF THE DRAWINGS 

Figure 1 shows the absorption spectra of the monomer-radical obtained by tbennal 
dissociation of compound IB at different temperatures; 

Figure 2 provides a flow diagram of a method of providing oxidation protection 
according to an embodiment of the instant invention; and, 

20 Figure 3 provides a flow diagram of a method of providing oxidation protection 
according to another embodiment of the instant invention. 

Figure 4 provides a Dow diagram of a method for selectively modulating a concentration 
of antioxidant molecules' in a reaction mixture or target mvironroem in accordance with 
one embodiment of the invention. 



DETAILED DESCRIPTION OF THE PREFERRED E^f^BODiMENTS 



The following description is presented to enable a person skilled in the art lo make and 
30 use the invention, and is provided in the context of a particular application and its 
requirements. Various modifiGations to the disclosed embodiments will be readily 
apparent to those skilled in the art, and the general principles defined hmin may be 
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applied to other embodimeats and applications without dqiarting firom die spirit and the 
scope of the invention. Thus, the present invention is not intended to be limited to the 
embodiments disclosed, but is to be accorded the widest scope consistent with the 
principles and features disclosed hetein. 

5 Definition of *'dimer " and ' monomer " - It is to be undeistood that throughout the 
description and in the claims that follow, the term '^diroet'' refers to compounds 
comprising two m^jor moieties connected via a covalent labile bond. Each dimer may 
dissociate via Ineakage of the labile bond to fom two monomeric free radicals, each 
comprising one of the major moieties of the dimer. At least in preferred embodimentSi 
1 0 the term may also refer to a '1iead-to*bead dhner". It will further be undeistood that the 
tenn *dimer* preferably, but not necessarily, refers to compounds wherein the two major 
moieties are identical. Four specific and non-limiting examples of preferred '"head-to* 
head dimers" comprising identical major moieties are the **head-to-head dimeis*\of 
formula 1, fomnila 11, formula 111 and fonnula IV described herein. 

1 5 Definition of ** thermally modulated antioxidant " - The expression ^thennally modulated 
antioxidant** is intended to encompass both dimeric (associated) and monomelic 
(dissociated) states of the antioxidant compounds of the present invention. For example, 
in selected embodiments such theranally modulated antioxidant compounds may take the 
foim of 'Viermally activatable donnant antioxidant** species at lower temperatures, and 

20 yet at higher temperatures undergo dissociation to form '*caxbon-centered radical 

antioxidant** species. In this way. the thennally modulated antioxidants of the present 
invention can undergo a transition (preferably a reversible transition) between active 
radical and inactive non-radical states. 



25 In principle, stable or persistent free radicals can act as antioxidants, i.e., a stable free 
radical that is either capable of trapping carbon centCTed or pepoxyl radicals can act as an 
antioxidant, since such trapping will lead to a disruption of the oxidation chain, bi fact, 
stable radicals or tb^ precursors (HALS) are well established polymo* additives. 
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The present invemioa pertains, at least in prefen^ embodiments, to compounds that are 
not themselves good antioxidants, since they are neither free radicals, nor do they have 
any labOe hydrogen atoms. Because of their very low bond dissociation energy (normal 
C-C bond energies are much higher, typically 80-90 kcal/mol) these componnds 
dissociate at moderately high temperatures produciog a large concentration of free 
radicals that arc Aemselves capable of scavenging the radicals that mediate the oxidative 
degradation of materials. These compounds can be rcgaided as "^dormant** antioxidants. 
Their antioxidant activities are activated by heating. Some examples of the compounds 
of the present invention produce a low radical concentration, for example at 40 X, but 
the radical concentration is greafly enhanced at for example lOOKI or hi^er. It is 
possible to achieve large ooncemraiions of antioxidant radicals, with 10 percent or more 
of the dimeric compoimd being dissociated into active antioxidant (monomeric) form. 

15 An imponant prefened characteristic of the compounds of the present invention is the 
reversibility of the dimer to monomer transition. Thus, if the samples containtfig the 
compounds are cooled aAer a period of heating, the dimeric compound may reform and 
again exhibit dormancy in terms of antioxidant properties. Most prefembly, the 
compounds of Ihc present invention can be subjected to multiple cycles between inactive 

20 (dimeric) and active antioxidant (monoineric) forms. 

The present invention pertains to a wide range of compounds each comprising a labile C- 
C bond. The nature of the moieties adjacent the labile bond effectively determines the 
bond dissociation energy (DB£) of the labile bond. Therefore, dte present invention 
25 portains to a range of compounds with a range of BOB values, sudi that each compound 
dissociates into corresponding monomer radicals at a different predetermined 
temperature. In this way, a compound of the invention can be selected and tailored to a 
specific process or use in accordance with its expected dissociation temperature or 
temperature range. 
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Acoonling Co sdected onbodhnents of ihe pTesent snveation, 'head-to-head' dimeric 
compounds are utilized as thennally acuvatable doxmant antioxidants. Presented below 
' are some non^limiting examples of preferred head-to-head dim^c compounds that are 
encompassed within the scope of the instant invention. A first non-limiting example are 
5 the compounds of finmulal. 




Preferred compounds of formula i are those wherein Rl to R9 aie the same or different, 
each representing hydrogen or a substiniem sdected liom the following tton*limlting 

10 group: linear Ci -Cig alkyi, branched C| -Cis alkyl, linear Cz-Cis alkenyl, branched Ctt 
Ci5 alkenyl, linear C2-Cj« alkynyl, branched C2*C|8 alkynyl, Cs -Cg cycloalkyi, and Ca - 
C20 avyl- Further preferred compounds of foimula 1 are those wherein the C5 -Cs 
cycloalkyi groups cany Ci -Cis alkyl groups as substituents. Further preferred 
compounds of formula 1 are those whcrdn the Ce -C20 aryl groups carry C| »C|8 alky) 

15 groups as substiiucnts. 

A second non-liiniting example are the compounds of formula II, 
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Preferred compounds of formiila D are those wherein Rl represents an electron 
vnihdravring group, most preferably nitrile* and R2 to Rl 1 are the same or different, each 
representing hydrogen or a stjbsiituent selected from die following non-limiting groiip: 

5 linear C| -Cis alkyl, branched Ci •Cis alkyl, linear Ci-Cte alkenyl, branched Cz-Cia 
alkenyl, linear C2*Ci8 alkynyl, branched C2-C1S alkynyU C5 -Cs oycloalkyl» and -€20 
anyl* Further prefenred compounds of foimula II are those wherein the C5 -Cs cycloalkyl 
groups carry C) -Cig alkyl groups as substituenis, Puither preferred compounds of 
formula I) are those wherein the Ct -C20 aryl groups cany Ci -C|g alkyl groups as 

10 sobsiituems. 

A third non-limiting example are die compounds of formula 111: 
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10 



15 



20 




III 



Pxefeired compounds of fonnula Ul are those wherein R3 lo RIS are the same or 
diiferent, each rqnesentbg hydrogen or a substituent selected from the following non- 
limiting group: Ifoiear C| -Ci« alky!, branched Ci -Cis alkyU linear C2*C|8 alkenyl, 
branched CrCi8 alkenyl, linear Ca-Cis alkynyl, branched Cz-Cib alkynyl, Cs -Ca 
cycloalkyl optionally stibstituted with one or more Ct-Cis alkyl, and Ce -C20 aryl 
optionally substituted with one or more Cns alkyl. 

A prefored compound of fonnula I, in which Rl , R3, R4, R5, R6, R7, R8, and R9 
are hydrogen, is ilhjstrated at formula IA» below: 



25 




lA 
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Another preferred compound of formula I, in which Rl> R3, RS, R6, and R9 are 
hydrogen, R2 and R4 are tert-hutyl, R7, and R8 are meihyl, is nhistrated at fomnda IB, 
below: 




A prefeired compound of formula 11^ in which Rl is a nitiile group, and R2, R3» R4, RS, 
20 R6, R7» R8, R9, R 1 0, and R} ) are hydrogen, is illustrated at foimula UA, below: 
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IIA 



A prefencd compound of fonnula ID, in whii* R3, R4, R5, R6, R7, R8, R9, R ] 0, Rl 1 , 
R12, R13, R]4 and R15 are hydrogen, is illusliated at fonnala IllA. below: 




HIA 



S A founh noD-]inui}n$ example are the ccunpounds of fonaula TV, 
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IV 
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Preferred compounds of formula IV are those whcmn Rl and R3 to RIO are the some or 
dijfTerent, each repiesenting hydrogen or a substituent selected fioxn the folIoAving noi)* 
limiring group: linear CrCig alky), branched Ci-Cib alkyi, Unear Ca^ia alkenyl, 
branched C^-Cis afkenyU linear CrCis alkynyl, branched Q-Cie aUcynyl, C^-Cg 
S cycloalkyl optionally substituted with one or more CrCiB alkyl, and C6-C20 aryl 
optionally substituted with one or more C1-C1 b allQrL 

One of ordinaiy in the ait will envisage other similar head-to-head dimezs ihat may 
be used with the m^ods according to embodiments of the invention. 

The compounds of formula I, formula U, fonmda 111, and fonnula IV are characterised by 
10 a weak CrC| ' bond. Upon beating, at least a portion of the compound of formula I, 
fommla U, formula III, or formula JV may undergo a C-C bond cleavage reaction^ to 
produce a pair of radical-monomers, each one of the radical-monomers being a carbon- 
centered radical, li is the carfaon-centercd radicals, and not the compound itse]f» that 
principally fimction as an active antioxidant species. It should be noted fliat the 
15 antioxidant activity does not require or involve hydrogen transfer. Preferably, the 

radical-monomers resulting from the dissociation of the dimeric compounds are stable 
carbon-centered radicals with greatly attenuated reactivity toward oxygen. Without 
wishing to be bound by theory, it is believed that the lack of reactivity towanl oxygen is 
attributable, at least in pan, to several parameters, including but not limited to (a) 
20 benzylic resonance stabilization; (b) favorable stereoelectronic effecis; (c) unpaired spin 
delocalization on heteroaioms and paiticularly oxygen; (d) electron withdrawing effects, 
and (e) sreric effects. 
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Equation 1 illustmtes a C-C bond cleavage reaction for a specific and non-limitbs 
example of compound I A, which dissociates revexsibly to form two, carbon-centCTCd 
5 redical-monomera lAm. TTius, heating effectively "activates*' the antioxidant properties 
, of the dimeric compounds by formation of the conesponding radical monomers. For 
example, when in solution, heating a sample compound to a temperature of 40®C may 
pioduce a small concentration of the radical-monomer ClAm* for Instance), whereas 
heating to 1 00^ produces a significanlly larger concentration of the radical monomer. 

] 0 Equation 1 also ilhistrates the temperature dependent chenucal equilibrium between the 
dimeric compound and its corresponding radical monomer. The temperature dependent 
equilibrium is responsible for the fact that a radical-dimer of foimuia I, formula II, 
formula III, or formula IV is regenerated upon cooling. Advantageously, the temperature 
dependem equilibrium allows one to design antioxidants with tailor-made properties, 

1 S such as for example having a desired minimuni activity at a spedlic temperature. The 

temperature dependent equilibrium may also enhance the lifetime and shelf life properties 
of an antioxidant according to the instant invention. 

■ 

Temperature dependent absorption siudics have been carried out in order to determine the 
bond dissociation energy (BDE) for the prefenred dimcrs of fonmila lA, IB, llA and IIIA. 
20 In particular, the monomer-radical resulting from the dissociation of each dirneric 
compound has chamcteristic absorptions in the ultraviolet and visible regioi^. These 
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15 



absorptions are used to monitor the presence of the moflomer-iadicals in diemical 

m 

equilibrium^ such as for example die one illustrated at equation 1 for compound lA. 

At a predeiermtned lower tempcmiure the absojptions observed are dififerent in 
comparison with the absorpiipns observed at the higher lemperanire ranges. Howev^, 
when a sample of a compound of the invention Is heated and subsequratly cooled, the 
absorbance spectrum is similar if not identical before heating and after lieating. These 
observations, together with other data, indicate that the (fimer dissodation/fonnation is a 
reversible process. 

Referring now to Figure 1, shown are the temperature dependent absorbance spectiB of 
the monomer-radical obtained by thermal dissociation of compound IB in toluene. In 
particular, spectra were obtained for temperanircs between 48 and 1 1 1 Prom the 
corresponding monomer absorbance spectra, values for the BDE of the C|-Ci* bond of 
compound IB are obtained. Data obtained from the t^perature dependem study are 
analyzed using a simplified form of the van^t UolT equation together with Beer^s law. 
Accordingly, the experimental absoTbance^j is expressed as shown in equation 2; 



2 2 R 2 RT 



(2) 



20 



where Ai/, which corresponds to BDE, is obtained from the slope of an Airhenius plot of 
InA vs. 1 IT, Similar lemperaiure dependent studies were carried om to deienniite the 
BD£ of compounds lA. JlA and IB A. The ecperinientaUy obtdned BDE valties are 
tabulated in Table 1 . 



Dimer fonoula 



Ct-Ct'BDE(kcal/hiol) 



lA 
IB 
IIA 
lUA 



22J 
22.8 
26.2 
15.2 



Table I : Experimentally obtained BDE values. 

The data presented in Table 1 indicate that the BDE values of the compounds 1A, IB, llA, 
and liiA are in a range l>etween 1 5 and 26 kcal/mol, about four to five times lower than a 



20 



Copy provided by USPTO from the i«=w itwof « rs»»»>» 



04-Jan-22 01 :93pi) f(mrK\KSt EAOES GALE BAKER 



♦18132970049 



W7B P.02S/OSO P-44r 



value between 80 and 90 kcal for a typicaJ C-C l)oiid. Tlie daia presented in Table 1 also 
indicate that the oomponnds according to the instant invention have diffeient operating 
temperatures. For example at 100«^C tiie conipound accoxding to fonntda HIA is about 
670,000 times more effective than the compound according to formula DA in producing 
S free radicals in the active fimn. 

The apparent stabiliQr of the compounds in Table 1 is believed to be due to the intrinsic 
lack of reactivity towani oxyg^ which makes the back reaction to refoim the dimeric 
compound Ac preferred reaction for the radical-monomer. Thus, the compounds of the 
presem invention present the opportunity, at least in preferrctf embodiments, for repeated 
10 cycliog between antioxidant (active) and dormant forms without significant degradation. 
Given ttie cunent knowledge of radical slabiHties, a person of skill in the art will 
undCTstand how to design materials an accordance with the instant invention that extend- 
the BDE range above 26 kcal/mol, or below 15 kcal/moL 

Rtferring now to Figure 2, ^own is a simplified flow diagram of a method of providing 
15 oxidation proteciioh according to an embodiment of the mstaht invention, wherein the 
oxidation protection occurs during the high temperature portion of a high temperature / 
low temperature thermal cycle. At step 1 00. a composition to be protected against 
oxidation during the hi^ temperature portion of a thermal cyde is provided. At step 102 
an amount of a thennally activatable dormant antioxidant species is added lo the 
20 composition. At step 304, the composition is thennally cycled between the low 

tanpeuiure portion of the theimal cyde and ifac high temperature portion of the thermal 
cycle, causing dissociation of the ihernially acti vaiablc dormant antioxidant spedes into 
the carbon-centered radical active antioxidant ^ies, so as to provide an increased 
amount of the caibon-cemered radical active antioxidant species during the high 
:5 twnperaturc poition of the themnal cyde relative to the low temperature portion of the 
thermal cycle. Prefmbly, the thennally activatable donnani antioxidant spedes that is 
added at step 102 is one of the compounds of foimula 1, formula II, formula ID, and 
formula IV. 
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Preferably, Ote antioxidant species (hat are utilized with tiie method acconiing to Figure 2 
ranain substanti^ly in a donnant fonn until tbermally activated, such as for instance by 
dienorally cycKog the composition between the low temperature ponion of the thennal 
cycle and the high temperature portion of the therniol cycle When fte composition is 
maintained within Oie high temperature portion of the diemial cycle, the active 
antioxidant species scavenges the radicals fhat mediate the oxidative degradation of 
materials. Wlien the composition, and therefore the active antioxjdmt ^edes* are 
cooled, the active antioxidant species l>ecome donnant once again, and can be reused 
during subsequent thennal cycles. The method according to figure 2 is suited for use 
with compositions that maybe subject to heat-cold cycles. For instance, some exemplaiy 
and non-limiting types of compositions include some plastics, hibricants, cooliqg fluids, 
and medical / pharmaceutical applications. Prefmbly, the method utilizes thennally 
activatable donnant antioxidant species that have excellent fast response to repetitive hoi- 
cold cycles, making the method Citable for use wiA systems Aat are subject to sudden, 
or '^ash**, changes in temperature. 

ReToring now to Figure 3, shown is a Amplified flow diagnnn of a method of pioviding 
oxidation protection according to another embodiment of the instant invention. At step 
1 10, a composition is provided that is to be protected against oxidation at a first 
temperature and that is to other than substantially be protected 91 a second temperature 
lower than die first temperature. At step 1 1 2. a thennally activatable d<»mant antioxidant 
species Is selected for providing an active antioxidant species at die first temperatwc, die 
dicnnally activatable dormant antioxidant species thennally activatable at a lenveratore 
between the first and second temperatures. At step 1 14, the thennally activatable 
donnam antioxidant species is inchided in the composition. At step 11 6. a change is 
effected to the temperanire of the composition fiom die second temperature to flie fiist 
tcmperanire. to induce some of the themnally activatable domiant antioxidam species into 
the active antioxidant species. At step 11 8. a change is effected to the temperature of the 
composidon fiom the fii^t temperature to the second temperature^ to induce some of die 
active antioxidant species back into die diermally activatable dormant antioxidant 
species. PrBferaWy, the dieimaUy activatable donnant antioxidant ^edes diat is 
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included at step 1 14 is one of tbe coinpounds of fonnula I, formula fonnula ID, and 
fonnula IV. 

Step 1 12 neciies selecting a theiroally activatable dozmant antioxidant species for 
providing an active amioxidant species at the first temperature. For instance, a particular 
5 dicnnaJly activatable dormant antioxidant species having a known activation temperature 
or a known adrvarion tempeiatore range coinciding approximately with the first 
temperature is selected from a plurality of available tbemriany activatable dormant 
aDtioxidant species. Preferably, the thennally activatable dormant antioxidant species is 
selected ftom a Jist of available thermally activatable doroiant antioxidant q>ecies, the list 
1 0 including data relating to activation temperature, solvent compatibility, recommended 
uses, etc- for a plurality of iherroadly activatable donnant antioxidant species. Optionally, 
the step of selecting includes a st^ of preparing a themnally activatable dormant 
antioxidant. 

Preferably, ihe antioxidant species that arc utilized with the method according to Figure 3 
15 remain substantially in a dormant form unifl thennally activated, such as for instance by 
tbermaUy cycUng the composition between the low temperature poitioB of the ihemal 
cycle and the high temperature portion of the tbmnal cycle. When the composition is 
maintained within the high temperature portion of the thermal cyde^ die active 
antioxidant species scavenges the radicals that mediate the oxidative degradation of 
20 materials. When die composition, and therefore tbe active antioxidant species, are 

cooled, the active antioxidant species become substantially dormant once again, and can 
at least in prefeired embodiments be reused during subsequent thennal cycles. The 
method according to figure 3 is well suited for use with compositions that may be subject 
to heat*cold cycles. For instance^ some exemplary and non-Hmiting types of 
25 compositions include some plastics, hibricanis, cooling fluids, and medical / 

pharmaceutical applications. Preferably, the method utilises diermally activatable 
donnant antioxidant species that have exceJlent fast response to repetitive hot*cold 
cycles, makmg the method suitable for use with systems rfiat are subject to sudden, or 
^ash" changes in temperature. 
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Another prefeired method of the inveotios is ilhistvated with referencd to Figure 4. In 
Figure 4 there is at step 1 30 provided a compound of fonnula A*B, wherein the 
compound A-B is substantially devoid of antioxidant properties, and is capable of 
dissociation into components A and B upon heating thereof, wherein at least one of A and 
5 B pertains to a ladical exhibiting antioxidant activities. At stq» 1 32 <he composition is 
• added to a selected reaction mixture or other target eavironment. Moreover, at step 1 34 
the temperature of liie reaction mixture or target environment is adjusted so as to 
modulate the concentration of antioxidant molecules in accordance with the degree of 
association or disassociation of A and B. The step of adjusting may pertain to a simple 
1 0 temperature shift, or in altemati ve embodiments may pertain to several temperature steps . 
or continual temperature changes over a period of time, thereby to modulate and vary the 
concentration of active antioxidant species in the system. 

Two repres^tative preparations will now be outlined in detail below, by Vifoy of spedfic 
1 5 and non-limiting examples. 

PREPARATIVE EXAMPLE 1 - Preparation of the compound aeeonling to fonnula lA 

The dimer of formula lA was prepared by photolysis of di-ten*butyl peroxide in the 
presience of the corresponding monomer. A 500 mL FyteK llask equipped with a 

20 magnetic stirring bar was used as the synthesis reactor. In the flask were placed 3-ph^yl- 
isocoumaranonc (10 g, 47.5 mmol)»-i&rr-butyl peroxide (100 mL» 544.3 mmol) and 
benzene (ISO mL). The stirred solution was bubbled wifb nitrogm» for 20 minutes and 
imdiated at 350 nm for 62 hours at 3(fC, The inradiation dose in die UVA region of the 
spectrum (320 to 400 nm) was approximately 1«2 mJ/cm^ The resulting suspension was 

25 concentrated using a rotatory evaporator. The solid residue was washed with cold diethyl 
ether until a white solid was obtained. The white solid was then recrystallized fiom 
diethyl ether to furnish 6.2g of compound lA as a white solid (63% yield). 

PREPARATIVE EXAMPLE 2 - Preparation of die compound according to formula IDA 
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The dimer aocording to formula IIIA was obtained in a one-pot synthesis in SI % yield 
from the addition of 9'phenyl-9-fluoTenol to stoichiometric TMS chloride and excess Nal 
in acetone followed by subsequent woik-up of released molecular iodine with 10% 
sodium tbiosuli^te. Hie practically insoluble dimer was recovered from the filtration of 
5 a two-phase system of dichlorom^ane and aqueous Na2S203. The dimer is soluble in 
dicMoromeihane, and following phase separation can be recovered by evaporation of the 
solvent. 

TbethemialJy activated dormant antioxidants according to tfie instant invention are 
possibly used to protect materials that are subjected to heat-cold cycles, inchiding 

1 0 plastics, lubricants, cooling Ouids» and medical or pharmaceutical applications. In 

prefeired embodiments of die present invention, the compounds disclosed are suitable for 
use in situations in which sudden flash cha^g^ in temperature occur. Potential fields of 
applications include oils in closed systms that are subjected to heating, oils in 
agricultural machines that circulate into a high temperature environment for a brief 

15 period, iherano-set resins, theimoplastic resins, and protective films subjected to hear, 
among others. 

Optionally the themially activated dormant antioxidants maybe used in conjunction wiA 
a **common** antioxidant, such as frn* example an anti-oxidant that provides protection at 
room temperature, so as lo provide anti»oxidant protection over a wide range of 
20 temperatures. 

Numerous other embodiments may be envisaged without departing from the ^int and 
scope of the invention. 
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Claims 

1 . A method of providing oxidation protection, comprising: 

.providing a composition to be protected against oxidation during a high 
temperature portion of a themial cycle; 
S adding an amount of a thennaDy activatable domnant antioxidant species to the 

composition; 

tberaially cycling the composition between a low temperature portion of the 
tbemial cyde and the high temperature portion of the thennal cy<de» to reversibly 
dissociate the thcmially activatable dormant antioxidant species into a caifcon-cmtered 
1 0 radical acrive antioxidant species, so as to provide an increased amount of the carbon- 
centered ladical active antioxidant species during the hi^ temperature portion of the 
thermal cycle relative to the low temperature portion of the tbemial cycle. 

2. A method according to claim 1 , wherein the themially activatable dormant antioxidant 
1 S species is a dim^c compound that reversibly dissociates tp foma two corrcspon^ng 

carbon-centered radical monomers, each of the two caibon-centered radical monomers 
being active antioxidant species. 

3. A method according to claim I , utilizing a compound of formula 1 as the thermally 
20 activatable domnant antioxidant species: 



R3 R7 
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wherdn Rl lo R9 are the same or different, each representing hydrogen era subsdtue&t 
selected irom ihe ftllowmg non-limiting group: linear C| ^ib alkyl, branched Ci -Cis 
alkyi, linear C2-Ci8 alkenyl, branched Ct^Cib aOceny], linear C2*Ci8 alkynyl, branched C2- 
S Ci8 alkynyl, C5 -Cg cycloalkyl optionally substituted vadi one or more CfCis alkyi, an^ 
Q -C20 aiy] optionally subsb'tuted with one or more Ci-Cis alkyl. 

4. A method according to claim 3» wherein the C5 -C^ cycloalkyl groups cany C| -Cis 
alkyl grotips as sub^titoents. 

10 

5. A method according to claim 3, wherein the Ck -C20 ar>i g^ups carry Ci •Cis aOcyl 
groups as subsiituents. 

6. A method according to claim utilizing a compound of fonnula U as the thermally 
1 5 act] vatable dormant antioxidant species : 




wherein Rl represents an electron withdrawing groups most preferably niirile, and R2 to 
20 R] 1 are the same or difTerent, each representing hydrogen or a substituent selected, ftom 
the following non*]iroiting group: linear C| -Cia alkyl, branched Ci -Cig alkyl, linear C2- 
Ci« atkeny], bnuiched C^rCis alkenyl, linear Cz-Cja alkynyl, branched Cr^^ig alkynyl, Cj 
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•Cs cycloalkyl opiionally subsdnited with one or mare CrCis alky], and C$ -Cao 9My\» 
optionany substituted with one or more Ci-Cis aikyl 

7. A method according to claim 6, wherein the C5 -Cg cycloalkyl groups cany Ci -Cis 
S alkyi groups as substituents. 

8. A method according to claim 6, wherein the C6 aryl groups cany Ci -Ctg alkyl 
groups as substituents. 

10 9. A method acccMrding to claim 1 , utilizing a compound of formula III as the thermally 
aciivatablc dormant antioxidant species: 




20 wherein R3 to RI5 are the same or different, each vepiesenting hydrogen or a subschuem 
selected Irom the fbilowing non-Hmiling group; linear Ci -Cig alkyl, branched Ci -Ctn 
alkyl, linear 02-01$ alkenyl, branched Cj^Cis alkenyl, linear Ci-Cig alkynyl, branched €2- 
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Cifi aJkynyl, Cs -Ca cycloatky] opuonally substituted with one or more CfCis aMcyl, and 
Cs -C20 atyl optionsdly substituted vfinh one orniofe Ci-Cis dkyl. 

10. A m^od of modulating oxidation protection, comprising: 

S providing a composition to be protected against oxidation at a first temperanire 

and to oUier than substantially be protected at a second temperature lower than the first 
temperature; 

selecting a thennaUy activataUe domiant antioxidant ^ecies for providing an 
active antioxidam species at the first temperature, the thernially activatable dormant 
]0 antioxidant species Ihennally activatable at a temperature between the first and second 
temperatures; 

including the thermally activatable dormant antioxidant species in the 
composition; 

effecting a diange to the cempmnire of the composition fiom (he second 
15 temperature to the first temperature, to induce at least some of the thennaUy activatable 
donnant antioxidam species into the active antioxidant species; and^ 

optionally efTecting a change to the lemperature of the composition iix>m the first 
temperature to the second temperature, to induce some of the active antioxidam spedes 
back into the thermally activatable donnant antioxidant species. 

20 

1 1 . A mediod according to claim 10, wherein the thermally activatable donnant 
antioxidant species is a dinieric compound that reversibly dissociates through breakage of 
a labile C-C bond to form two carbon-eem^*ed radicals, at least one of the two carbon- 
cemered radicals being active antioxidant species. 
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12. A method according to dahn 10^ utiliziDg a compound of fonnula I as the the 
thennally activaiable dormant andoxidani ^ecies: 




5 wherein R1 to R9 are ihe same or different, each representing hydrogen or a aubstitueni 
selected from the following non-limiting group: linear Ci -Cig alkyl* branched C| -C|8 
alkyU linear C2-C18 alkeny], branched Ca-Cj^ alkenyl, linear Ci-Cis alkynyl, branched C2* 
Citf alkynyl, Cs -Cg cycloalkyl optionally substituted with one or more CrCis alkyl^ and 
C6 -C20 aryl optionally substituted -with one or more CrCis alkyl. 

10 

13. A method according to claim 1 2, wherein the C5 -Cg cycloalkyl groups carry C} -Cis 
alkyl groups as substituents. 

14. A method according to claim 12, wherein the C6 -Csp aryl groups carry C| -Cib alkyl 
1 5 groups as substituents. 

1 5. A method according to claim 1 0, unlizing a compound of fomiula II as the thermally 
aclivatablc dormant antioxidant sp^acies: 
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wherein R) represents m electron mtfadrerwing group, most preferably nitrile^ and R2 to 
R] 1 are the same or difFeieat, each rqnresenting hydrogen or a snbstituent selected from 
S the following non-limiting group: linear C) -Cu alkyU branched Cj -Cis alkyl, linear Cr 
Ci8 alkenyl, branched CrCia alkenyl, linear Ca-Citt alkynyl, branched C2-Ci8 aUcynyl, C5 
-Ca 9ycIoalkyl optionally substituited with one or more Ci-Cig aUqi* and C« -Q20 aiyl 
Optionally substituted with one or more CrC]$ alkyl. 

10 1 6. A method according to claim 1 5, wherein the Cs -Cn cycloalkyl groups cairy Cj -Cjg 
alky] groups as substituents. 

17. A method according to claim 1 5, wherein the C6 -C20 aryl groups cany C| -C]g alkyl 
groups as substituents. 

15 

1 8. A method according to claim 1 0, utilizing a compound of formula 111 as the tbennaUy 
aciivatable domnant antioxidant species: 
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wherein R3 to Rl S are the same or different each representing hydrogen or a subsiituent 
selected from the following non^liiniting group: linear Ci •Cis alky), branched C| -Cis 
aikyi, linear Cr-Cit alkenyl, biancfaed Cs-Cu alkenyl, linear Ca-Cia alkynyl, branched C}* 
10 Ci8 alkynyl, C5 -Cg cycloalkyl optionally substituted with one or n^orc CrCiB alkyl, and 
C6 -C20 aryl optionally substituted with one or more Ct-Cig alkyl. 

1 9. A method according to claim 1 1 , wherein the thermally acd vatable donnani 
antioxidant species i«versibly cfissociaics via a C-C bond cleavage reaction to form the 

15 two caibon-centeral radicals. 

20. A method according to claim 19, wherein the C-C bond cleavage reaction relates to 
cleavage of a C-C bond having a bond dissociation energy of less than 50 kcal/moL 

20 21 . A method accoitling to claim 1 9, wherein the C-C bond cleavage reaction relates to 
cleavage of a C-C bond having a bond dissociation eneigy of less than 25 kcal/mol. 
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22. A method according to clahn 1 0, wherein Oie step of inchiding the thermally 
activatabic dormant antioxidant species in the composition comprises adding an amount 
of the thezmally activatable donnant antioxidant ^ecies to the composition. 

5 23- A method according to claim 1 1 , wherein the step of inchiding die thermally 

activatable donnant antioxidant species in the composition comprises adding an amotmt 
of the tfaennally acdvatable donnant antioxid{ini species lo the composition. 

24. A compo^tion comprising a conqpound of fixrmula I, 

10 




R7 R3 



wherein Rl to R9 are the same or dififerent» each representing hydrogen or a substinjent 

selected fh>m the following non-limiting group: linear Ci -Cib alkyi, bran died Cj -C|g 

» 

IS alky]> linear Q-C IB alkenyl, branched C2'Ct8'aIkenyl, linear C2-C18 alkynyl, branched Cr 
C18 alkynyl, C$ -Q cydoalkyl optionally substituted widi one or more Cf-Ci8 alkyI, and 
C6 -C20 dryl optionally substituted with one or more C|-C|8 alkyl; 
or of foimula 11, 
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II 



ivherein Rl Tepieseats an elccnron withdrawing graup, most poreferably mtrile. and R2 to 
Rl I ai« the same or different, each i^resenting a substitucnt selected fiom the follomng 
non-limiiing g^up: linear C, -C|g alkyl, branched Ci -Cie alkyi, linear C2-C|8 alkcnyl, 
blanched Cj.Ci8 oikcnyl, linear Cj-Cw alkynyl. branched Ca-C,8 alkynyl, C, -C« 
cycloaUcyl optionally substituted wiUi one or more C|-Ci8 alkyl, and -Cm aryl 
optionally substituted with one or more C|-C|8 alkyl; 
or of fonnula UI, 




34 



Copy provided by USPTO from the IFW Image Database on 01/27/2005 



04-Jarr22 01:36p]3 Froa-KlfiBY EADES GALE BAKER 



♦I $19231004$ 



T-I7e P. 017/050 F-44r 



wherein R3 to Rl 5 ore the same oi different, each Tcpreserrting hydrogen or a subsuiuent 
selected from the following ncn-linuting group: linear Ci -Cig alkyl, branched Ci -Cig 
alkyl, linear Cz-Cig aUkenyl, branched Cj-Cig alkenyl, linear Ci-Cu alkynyl, branched Cr 
Ci8 alkyny), Cs -C« cycloalkyl optionally substituted ^ one or more Ci-Cia alkyl, and 
C6 -Qo aiy] optionally substituted with one or more Cf-Cia aOsyU 



or of formula IV: 



10 



IS 




IV 



20 



wherein Rl and R3 to RIO are the same or different, each representing hydrogen or a 
substitucnt selected from the following non^limiting group: linear Ct-Cis alkyl, branched 
Ci-Ci8 alkyl, linear C2-C|$ alkenyl, branched Cj-Cie alkenyl, linear Cx-Cis alkynyl, 
hranched Ca-Cts alkynyl, Cs-Cs cycloalkyl optionally substituted with one or more Ci-Cje 
alkyl, and C^-Cso aiyl optionally substituted with one or mtte CrCiB alkyl; 
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die chemical dissociating into two constituent parts throng breakage of a Ci-Cr labile 
bond tbrougb heating thereof, each part exhibiting antioxidant activity, the two 
consritoent parts piefmUy reassodatmg to refonn the componnd vpon cooling thereol 

5 25. A periodically tbennally cycling system, inchiding a composition dial is subject to 
substantially more oxidative degiradation during a high temperature portion of the thennal 
cycle than during a low temperature portion of the thennal cyde, the system comprising: 

a compound, capable of reversible dissociation in response to tempoature 
changes of the composition upon repeated thennal cycling between the low temperature 

10 portion of the thermal cycle and the high icmperanire portion of the tfaeimal cycle, so as 
to provide an amount of an active antioxi<him species during the hi^ temperature portion 
of the thennal cyde that is substantially larger than an amount of the active antioxidant 
species provided during the low temperature portion of the thennal cycle. 

1 5 26. The system according to claim 25, wherein the ocmponnd is a thmnally adivatable 
donnant antioxidant species. 

27. The system according to claim 25, wherein tlie compound is a dimeric compound that 
revo-sibly dissociates to form two carbon-centered radicals, each of die two caxbon- 
20 centered radicals being active antioxidant species. 
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28. The system occoidins lo claim 25, wherein the compotaid is selected ftom those of 
fonmda I: 

f 



I 




10 



vdwrdn Rl lo R9 are the same or difierent, each rqiresenting hydrogen or a sobsdluent 
selected fram the following non-Iiinitit« gioap: linear C| .Ci» allqrl, branched Cj -Cig 
alkyl, linear Ci-C|j alkenyl, branched CrCw alkenyl, Knear Cj-Cij alkynyl. biancaied Cr 
Ci« alkynyl, Cs -C, Qrdoalkyl optionally sobstitiited wiA one or more Ci-Cn alk)«. and 
Cft -Ca> aryl optiuially substituted with one ormore C|-Cu aUcyl- 
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29. The system according to claim 25, wherein the compound is selected from those of 
fomiula II: 

R9 




II 



10 



whmin Rl represents an dcctron withdrawing group, most preferably nitrii^ and R2 to 
Rl 1 are Ihe same or different, each representing a substitoent selected from the following 
non-limiting group: linear C| oCis alkyl, branched C) -Cis linear Cz-Cis allcenyl, 
branched Ci-Cu alkenyl^ linear C^-Cjs alkynyl, branched C^Cig alkynyl, Cs -Cs 
cycloalkyi optionally substituted with one or more Ci-Cig alkyi, and C6 -C20 aryl 
optionally substituted with one or more Ci-Citt alkyl. 



30. The ^lem according to claim 25» wherein the compound is selected from those of 
fonnula 111: 
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R14 




111 



R14 



10 



IS 



20 



wherein R3 lo Rl 5 are *e same w diffcrtnt. each repfesenting hydiogen or a subsiiiuent 
selected ftorn the followjnanop-Himting group: linear Cj -Cw alkyl, Utanched C| -Cig 
alkyl, linear Cj-C.s alkenyl. branched CrC.g alkenyl. linear CrC„ alkynyl, branched Cr 
Cw aJkynyl, Q 'C« qrcloalkyl opti(»any aibstlimed vnlh we or more Ci-Cw alkyl, and 
C6 -Cjo aiyl optionally substituted with one or more Ci-Cig alkyl. 

31 . Hw system according to claim 25, wherein the compound is selected from those of 
fonnula IV as described herein, wherein Rl and R3 to RIO are the same or different, each 
representing hydrogen or a substituent selected fioro the following non-limiting group: 
linear Ci -C,8 aBcyl, branched Cj -Cu a»cyl. linear CrCis alkenyl. branched Ci-C.. 
alkenyl. linear Cj-Cis alkynyl. branched CrCis alkynyl. Cs -Cj cycloalkyl optionally 
substituted with one or more C-Cis alkyl, and Ce -Cao aiyl optionally substituted with 
one or more Ci-Cw alkyl. 

32. The method according to claim 1 or claim 10, utilizing a compound selected from 
those of formula IV; 
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5 



10 




R9 



wherein Rl and R3 to RIO are the same or different, eadi representhig hydrogen or a 
substituem selected £roin the following non-bmiting group; Knear C| -Cis alkyl, hninchcd 
IS Ci -Ci 6 alkyl, linear C2-C18 aDcenyl, branched Q-Cig alkenyl, linear CrCis alkynyl, 
branched CrCts alkynyl, Cs -Cg cycloalkyl optionally substinited with one or more Cr 
CjB alkyl, and Ck -C20 aiyl optionally substituted with one or more C(-Cie alkyl. 

33. An antioxidant precuisor compound of the fimnula: 

20 A-B 

wherein A and B are the same or different, each of A and B comprise a monocyclic or 
multicycflic aromatic and / or heterocyclic ring system, optionally substituted at one or 

more positions; ^ 
and «4>erein A and B are connected via a laihile bond, and are susceptible to 
25 disassociation thraugih breakage of the labile bond upon exposure of said compound to a 
piedetennined temperature shift firom a lower temperature to a higher temperature, 
iher^y to generate corresponding free radicals A and B suitable for use as antioxidants. 

34. The compound according to claim 33, wherdn A and B are identical. 



40 



Copy provided by USPTO from the IFW Imape i>atabase on 01/27/2005 



W-Jan-a 



Qt:37po Fi03-KI»Y EAliES 6AIE BAKER 



♦16132370045 



T-278 P. 043/050 F-447 



35, TTic compound according to daim 33 or claim 34, wherein each of A and B are 
selected from the gioup consisting ot 






10 



I 

15 



wherein each aromatic or heterocyclic ring may be unsubstitwtcd or substituted with one 
or more substituents. 

20 

36. The antioxidant precursor compound accor<bng lo claim 33, wherein the 
compound has a foimula selected from a compound of formula 1, 11, 111, and IV as 
described herein. 

25 37. The antioxidant precursor compound according to daim 33, with the proviso thai 
the compound Is not the compound of formula (11) disclosed in United States Patent 
5,367,008 or the compound of foimula (10) disclosed in United States Patent 5,428,1 77 
or the dimeric form of Irganox HP-1 36 (Ciba Speciality Products) or related dimeric 
products. 

30 

38. Use of a compound accoiding to claim 33 as a selectively activatable antioxidant. 

41 
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39. An antioxidant compositioD sdeciively tnnsfasble tetweem 

« 

(a) a low temperature non*active state wherein the composttioD comprises a 
S dimeric compound A-B substantially devoid of antio^cidant properties; and 

(b) a high temperature active slate wherein the compositiop comprises monomeric 
free radicals A and B» at least one of which exhibits antioxidant propeities. 

10 40. The antioxidant composition according to claim 39, wherein the coinpow 
the compound of Formula I, II, in, IV, lA, IB, HA, or niA, as described herdn. 

41 . A mediod for selectively modulating a concentration of antioxidant molecules in a 
reaction mixture or target environment, the method comprising the st^s of: 

15 

(a) providing a composition according to claim 39 or claim 40; 

(b) adding ihQ composition to the reaction mixture or target environment; 

(c) adjusting the temperature of die reaction mixture or target environment so as 
to modulate the concentration of antioxidant molecules in accordance with the degree of 

20 association or disassociation of A and B. 

42. A compound of formula lA, IB, IIA or UIA as described herein. 
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ABSTRACT 



10 



Selected ptocessos and systems require careful modulatioii of ancioxidant oonccDtratians. 
The present invention provides dimeric compounds that arc capable of reversible 
dissociation into corresponding monomer radicals, wifli antio)(idam properties, upon 
exposure to a predetermined temperature shift. Furthennoite, the inventioD penains to 
uses of these compounds, coiresponding compositions comprising ttie compounds* and 
corresponding methods of modulating antioxidant activity in a defined reaction mixture 
or system. The compounds, compositioDS and methods of the present invention can be 
applied to a wide range of systems (hat require careful modulation of antioxidant 
conoentFStions. The capacity of the conqpounds of the present invention to switcih 
reveisibly between non-active (dimeric) and active antioxidant (monomelic) states 
provides significant advantages over the systems of the prior art. 
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Figure 1 



providing a composition to be protected 

against oxidation during a high 
temperature portion of a thermal cycle 



adding an amount of a thermally 
aciivatable doimant antioxidant 
species to the composition 
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thermally cycling the composition between a 
low temperature portion of the thermal cycle and 
the high temperature ponion of the thermal cycle 
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providing a composition to be protected against oxidation at a 
first temperature and to other than substantially be protected 
at a second temperature lower than the first temperature 



I 



selecting a thermally acdvatable donmant 
antioxidant species for providing an active 
antioxidant species at the first temperature 



I 



including the thermally activatable dormant 
antioxidant species in the composition 



effecting a change to the temperature of 
the composition from the second 
temperature to the first temperature 



optionally effecting a change to the 
temperature of the composition from the 
first temperature to the second temperature 
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Figure 3 



Cppy provided by USPTO from the IFW bnaae Database on 01/27/90115 



04-Jair8 01:SBpn Frogr-KlffiV EAOES GALE BAKER «16I3237004S T-nS P.04B/D50 P*447 

•» ^ - 



providing a composition comprising 

compound A-B 
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adding the composition to the reaction 
mixture or target environment 
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adjusting the temperature of the reaction 
mixture or target environment so as to 
modulate the concentration of antioxidant 
molecules in accordance with the degree of 

association or disassociation of A and B» 
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Figure 4 
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